Measurement of thermodynamic parameters for hydrophobic mismatch 2: intermembrane transfer of a transmembrane helix.
Hydrophobic matching between proteins and lipids is essential for the thermodynamic stability of integral membrane proteins. However, there is no direct thermodynamic information available about the intermembrane transfer of proteins between membranes with different hydrophobic thicknesses, which is crucial for understanding hydrophobic mismatch. This article reports the complete set of thermodynamic parameters (DeltaG, DeltaH, DeltaS, and DeltaC(p)) for the intermembrane transfer of the inert hydrophobic model transmembrane helix NBD-(AALALAA)(3)-NH(2) (NBD: 7-nitro-2-1,3-benzoxadiazol-4-yl), which is exchangeable between vesicles, from 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) to dimonounsaturated-phosphocholine lipid bilayers with different hydrophobic thicknesses (C14-C22) at 37-58 degrees C. The transfer free energies were calculated from equilibrium values of the extent of helix transfer from donor to acceptor lipid vesicles, as monitored by a decrease in fluorescence resonance energy transfer from the NBD group to a lipid-labeled Rhodamine in the donor upon transfer to the quencher-free acceptor. Under hydrophobic mismatch conditions up to approximately 7 A, the helix partitioning became unfavorable up to +7 kJ mol(-)(1), hampered by an increase in entropic (up to +20 kJ mol(-)(1)) and enthalpic (up to +66 kJ mol(-)(1)) terms in thinner and thicker membranes, respectively. Together with the results that H/D exchange at the membrane interface was accelerated in thinner membranes the obtained thermodynamic parameters were reasonably explained assuming that hydrophobic mismatch induces aqueous exposure or membrane burial of the helix termini, resulting in excess energies originating from the hydration of terminal hydrophobic residues or the unfavorable Born energy of terminal partial charges of the helix macrodipole.